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SUMMARY
.

A wind-tunnelinvestigationwas made at low speedto determinethe
lateralcontrolcharacteristicsof an unsweptuntaperedsemispanwing
of aspectratio3.13 equippedwith 2S-percent-chordplainunsealed
aileronshavingvariousspansand spanwiselocations.

.
In general,changesin the wing angle of attack,ailerondeflection,

. aileronspan,and aileronspanwiselocationproducedtrendsin the
lateralcontrolcharacteristicsthatwere shilar to but of different
magnitudefrom thosefor unsweptwing$ of higheraspectratio. An
aileronof a givenpercentspanwas most effectivein producingroll
when locatedoutboardon the wing semispan,and this aileronalso
retainedthe greaterpart of its effectivenessthroughthe angle-of- ,
attackrangeh this spsnwiseposition. The rate of changeof hinge-
momentcoefficientwith angleof attack Cha was relativelyunaffected

~ aileronspanand spanwiseloca~ion. The rate of changeof hinge-
momentcoefficientwith ailerondeflection Ch~ becamemore negative

as the spanof outboardaileronswas increasedand also as a half-span
aileronwas movedinboardon the semispanwing. . .

The resultsof this investigationindicatedthatexistingempiricsl
and theoreticalrelationshipsfor predictqg the aileroneffectiveness
parsmeter cz~ and the aileronhinge-mcmentparameters Cha and Ch5

for variousspansof aileronsgave sa}isfacto~agreementwith the
experimentalresults.

.
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INTRODUCTION ‘

.

.

“

The NationalAdvisoq Committeefor Aeronauticsis makingan
extensiveinvestigationof the lift and controleffectivenessof
variousflapsand controlsurfaceson wings havingplan forms suitable
for transonicsnd supersonicairplanes. The objectiveis to obtain
flap-and aileron-designcriterionsshKlar to thoseavailablefor
wings of conventionallow-speedplanfomns (reference1 to 6). As
part of thisbroad study,the lift and’lateralcontrolcharacteristics
of an untaperedlow-aspect-ratiosemispanwing hatig variuussmounts
of sweepand equippedwith 2S-percent-chordplainunsealedflaps or
aileronshavingvariousspansand spanwiseloc@ions are beinginves-
tigatedh the Langley300 MPH 7’-IZYlo-foottunnel.

This paperpresentsthe resultsof the investigationof the
unsweptwing configurationhatig an aspectratioof 3.13 and utilizing
the 2$percent-chordcontrolsurfacesas ailerons. Rolling-moment,
yawing-moment,and aileron-hinge-momentdatawere obtsinedthroughan
aileron-deflectionrangefrom -30° to-300at constantanglesof attack
rsng~ from -h” to aboutthe angle of ma&num lift. The resultsof
investigationsof the same semispanwingutilizingthe 2S-percent-chord
controlsurfacesas lift flapsare presentedin reference7 for the
modelat 0° of sweepand in reference8 for the modelat 45° of sweep-
back.

SYMBOLS
.

The forcesand momentsmeasuredon the wing are presentedabout
the wind axeswhich,for the conditionsof thesetests(zeroyaw),
correspondto the stabilityaxes. The lift,drag,pitching-mcnnent,
rolling-moment,and yawing-momentdata are presentedaboutthe point
shownin figure1 which correspondsto the 2$percent-chordstation
of the mean aerodynamicchord.

The rolling-moment-and yawing-moment-coefficientdatapresented
hereinrepresen;the aerodynamiceffects-ona completewing produced
~ the deflectionof the aileronon only the rightsemispanof the
completewing.

.,

.,

.

% lift coefficient(Twicelift of semispanmodel/qS)

CD drag coefficient (Twicedrag of semispanmodel/qS)
u

cm pitching-momentcoefficient (Twicepitchingmomentof semispan
model/qSE)
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rolling-momentcoefficient (L/qSb) ‘

yawing-momentcoefficient(N/c@b)

aileronhinge-momentcoefficient (H/2qM~)

rollingmomentresultingfrom ailerondeflection,foot-pounds

yawingmment resultingfrom ailerondeflection,foot-pounds

aileronhingemoment,foot-pounds

areamment of aileronrearwardof and aboutthe hingeaxis,
feetj (seetableI)

free-streamdynsmicpressure,poundsper squarefoot
()
p

twicearea of semispanwing model,19.16 squarefeet

twice spanof semispanmodel,7.?50feet
.

w@3~an aerodynamicchord,2.500feet

localwing chord,feet

lateraldistancefram plane of eymet~, feet

span of aileron,feet

free-streamveloci~, feet per second

mass densityof air, slugsper cubicfoot

angleof attackof wing with respectto chordplaneat root of
model,degrees

ailerondeflectionrelativeto wing-chordplane,measured
perpendicularto aileronhinge
edgeis down),degrees

controleffectiveness.parameter;
angleof attackcaused~unit
surfacedeflection

axis (positivewhen trailing

thatis, effectivechangein
angularchangein control-

.

.
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4- NACATN 2199

The subscriptsoutsidethe parenthesesindicatethe factorheld
constant. The parameterswere measuredat an angleof attackof 0°
or an zilerondeflectionof OO.

Subscripts:

% inboardend of aileron

a. outboardend of aileron

CORRECTIONS

Jet-boundarycorrections,determi.nedby the methodpresentedin
reference9, have been appliedto the angle-of-attackand drag-
coefficientvalues. Blockagecorrections,to accountfor the constriction
effectsof the model and its wake,have alsobeen appliedto the testdata
(reference10). The rolliq-momentdatawere correctedfor reflection- .,
plane effects~ the methodof referenceH by using unpublishedexperi-.
mentsldatafor low-aspect-ratiowings. (Seefig. 2.) No corrections
have been appliedto the data to accountfor the very smallamountof <
wing twistproducedby ailerondeflectionor for the sma13.effectof
air-flowleakagearoundthe end plateat the root of the model..

MODEL AND APPARATUS

The semispan-wingmodelused in the investigationwas constructed
of laminatedmshoganyovera solidsteelspar. The plsn-fom dhensions
are shownin figure1. The wing sectionswere NA~A 64AO1Oand the model,
had Oo of sweepback,an aspectratio of 3.13 (basedon full-spandhen-
sions),and a taperratioof 1.0. The wingmodelhad neithertwistnor
dihedral. A crosssectionof the wing showingthe detailsof the
25-percent-chordunse~ed PM aileronsis shownin figure1. The
aileronswere constructedof mahoganywith steelsparsand had joints
at threespanwisestationsso thatvariousspansof aileronsat various
spanwiselocationscouldbe investigated(fig.1 snd tableI). When
two or more aileronsegmentsweretestedin combination,the chordwise
gapsbetweenthe ailerohsegmentswere sealed. A motor-drivenaileron-
actuatingmechanismwhichwas remotelycontrolledwas used to obtain
the variousailerondeflectionsused in the investigation.The aileron
deflectionswere constantlyindicatedon a meter@ the use of a cali-
bratedpotentiometerthatwas mountedon the hingetis near the root

. . . . ----- ---——-/- - ‘---- . . ..’
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chordof the model. The aileronhingemomentsweremeasuredby a cali-
bratedelectricalresistancetype of stra~ gage.

The Langley300MPH 7- by lo-foottunnelis a closed-throat,single-
returntunnel. The semispan-wingmodelwas mountedverticallyin the
tunnelwith the root chordadjacentto the ceilingof the tuniel,which
servedas a reflectionplane (fig.3). The modelwas mountedon the .
sti-componentbalancesystemso that all forcesand momentsactingon
the model couldbe measured. A sma12clearancewas maintainedbetween
the modeland the tunnelceilingso thatno part of the niodelcameinto

contactwith the tunnelstructure.A ~-inch-thick metalend plate

was attachedto the root of the model to deflectthe air flowim into
the test sectionthroughthe clearancehole in orderto minimizethe
effectof this spanwiseair flow on the flow overthe model.

TESTS

All the testswere performedat an averagedynamicpressure
approximately100 poundsper squarefoot,which correspondsto a
numberof 0.27 and a Reynoldsnmber of about4.5 x 1~ based on
wingmean aerodynamicchordof 2.500feet. Measurementshave indicated
thatthe tunnelturbulencefactoris very closeto unity.

of
Mach
the s

Lateral-control-testswith the
throughan aileron-deflectionrange
of attackrangingfrom -ho to about

. RESULTSAND

Wing Aerodynamic

vari&s spanaileronswere performed
from -300to 300 at constantangles
16o in approximately40 increments.

DISCUSSION “

Characteristics

The ltit,drag,and pitching-momentcharacteristicsof the plain
wingmodel are presentedin figure4. Sincethesedata havebeen
previouslydiscussedin reference7, whereadditionaldatafor the wing
withthe variousspan controlsurfacesused as liftflapshavebeen
presented,no detaileddiscussionis presentedherein.

/
AZleronControlCharacteristics

The variation
ailerondeflection

outboardailerons

of the aileronlateralcontrol
is presentedin figures5 to 8

(Yao )
= 0.96~ and in figures

characteristicswith
for the four spansof .

9 and.10for the

---- —---- ---—... ..--...— - ——--- --—-—— .— ——. -- .--—--— -— ——— .——_ >.- .-
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oximatelyhalf-spanailerons ba = 0.484~ at the inboardand

midsemispanlocations,respective~. A comparisonof the experimental
and estimatedlateral-controlparameters c2& Ch5~ and Cha for the

model equippedwith outboardaileronsis presentedin figure11.

.
Roll“~-moment characteristics.-The rolling-momentcoefficients

variedlinearlywith ailerondeflectionfor deflectionsof less than
about200 and were relativelyunaffectedby angle-of-ttackvariations
for valuesof a belpwapproximately12.6° (figs.~ to 10). The data
for the modelwith the controlsurfacesused as liftflaps (reference7)
show that the plainwing stalledat an angleof attackof about16° and
that positivedeflectionsof the controlsurfacedecreasedthe angleof
attackat whichthe wing stalloccurs. At the highestangle of attack
tested (a = 15.7°) in the presentinvestigation,the effectsof wing
stallare shownby the markedreductionin the rolling-momentcoefficient
for the largerpositiveailerondeflections;this effectbecamemore
pronouncedas the aileronspanwas increased.For the angle-of-attack
rangeinvestigated,onlyslighteffectsof a were notedfor the nega-
tive aileron-deflectionrange. As expected,the rollhg-momentcoeffi-
cientincreasedas the Sp-anof the outboardaileronwas increased
(figs.5t08). A studyof the datafor the haM-span aileronsat
threespanwiselocationsinvestigated(figs.6, 9, and 10) revealsthat
the rolling-momentcoefficientincreasedas the aileronwas moved out-
boardand that the decreasein Cz with increaseh a is smallestin

relativemagnitudefor the half-spanafle~onat the outboardlocation.
This abilityof the outboardaileronto retainaileroneffectivenessto
higheranglesof attackthan the aileronsat the more inboardlocations
is thoughtto be causedby the initialstallthat occurson the inboard
portionof the wing,whereasthe outboardportionof the wing continues
to loadup and stallsat a higherangleof attack. (Seereferences7
and 12.) .

As wouldbe expected(reference6), the experimentaldatafor the ‘
modelequippedwith outboardailerons(fig.11 and table II) showthat
the aileroneffectivenessparqmeter cz~ increasedwith increastig

aileronspanand that thisvariationof Cza with aileronspan i.s non-

linear. Est5matedvaluesof CZ5 for the &g equippedwith the mid-

semispanfid inboardhalf-spanailerons,obtsinedfrom the experimental
curveof figure11 by taldngthe differencebetweenthe valuesof CZ5

at the outboardand inboardends of each aileron,are in excellentagree-
hent with the resultsobtainedfor the wing equippedwith the half-span
aileronsat thesetwo spanwiselocations(tableII). Becauseof this
excellentagreement,the curveof figure11 may be used to estimatethe
aileroneffectivenessparameterof aileronsspanuingvariousportions
of the wing semispanon wingshavingplan forms similarto the wing

—— -—...- ----- --- - _... — —-. ---- - .-—— -
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.

investigated.In agreementwith datafor otherunsweptwings of higher
aspectratio (forexample,reference13)3 thesedata ~~cate that an
aileronof a givenpercentspanis most effectivewhen locatedoutboard

1

on the wing semispan.

The aileroneffectivenessparametersfor the variousaileronstested
were computedby methodI of reference~. The value of the control
effectivenessparameter ad used in thesecomputationswas 0.54 and

was obtainedfrom sectiondata for the NACA 64401oairfoilequipped
with an unsealedflap type of control(reference1~), correctedfor
controlchordby the methodof reference~. The agreementof the
experimentaland empirical.valuesis very good (fig.l-l);this agreement
indicatesthat CZa can be predictedsatisfactorilyby thismethod.

Thesevariationsof rollingmomentwith a, 5a, aileronspan,and

aileronspanwiselocationare generallysimilarto but of different
magnitudefrom thoseof otherunsweptwings of higheraspectratios
(references4 to 6 and 1.4). ,

Yawing-momentcharacteristics.-The totalyawing-momentcoefficient
resultingfrom equalUp and down deflectionof the aileronswas adverse
(signof yawingmomentoppositeto sign of rollingmoment)throughout
the angle-of-attackrangeinvestigatedand was negligibleat smalllangles
of attack(+40). The totalyawing-momentcoefficientbecamemore adverse
as the angleof attackwas increasedfor all aileronconfigurations
(figs.5 to 10). The ratioof adverseyawingmomentsto totalrolling
momentincreasedas the angleof attackincreasedand was relatively
unaffectedby aileronspanand spanwiselocation. For the higheraileron
deflections ba =

( 200 to 300) at a = 12.6°,theseadverseyawing-
momentcoefficientswere about25 to 30 percentof the totalrolling-
momentcoefficient.In the vicinityof the wing stall,the adverse
yawingmomentswere much largerand might seriouslyreducethe rolling
powerof the ailerons;therefore,largerudderdeflectionswouldbe
requiredto performa coordinatedroll H the airplanedirectional
stabilityweremarginal. (Seereference16.)

Changesin angleofattack,ailerondeflection,aileronspan,and
aileronspanwiselocationproducedtrendsin the yawing~momentcharac-
teristicsthatwere similarto those of unsweptwings of higheraspect
ratio (references4 to 6 and 16).

Hinge-momentcharacteristics.-The hinge-momentparfieter Cha was

relativelyunaffectedby changesin aileronspanor spanwiselocation
(fig.11 and tableII). However,at largeanglesof attack,the variation .
of Ch with a was greatestfor the outboardquarter-spanaileronand
decreasedasthe aileronspanincreased(figs.5 to 8). Theselarger
hinge-momentvariationsfor the short-spanoutboardaileronsresultfrom

.-—— ..--— .-—-- —-— --.—-- -- ------ ------ -. —--—---— -— --- -—. - -- —-— —..- .-.—— .—. -—-
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a regionof high loadingIocatedat the trsilingedge of the wing near
# the tip at largeeffectiveanglesof attack(references7 and12). The

h5nge-mmnentparsmeter Cha becsmemore negativeas the span of the

outboardailerons (Yao = o.96~) was increasedand also as the half-

spanaileronwas movedinboard(fig.11 an~ tableII). The variation
of Ch with b= was relativelyunaffectedm changesin angleof
attack.

A comparisonof the estimatedhinge-momentparameters KG

snd Cha, computedfor the variousailerofispansby the methtiof

reference17, and the experimentalvaluesis also shownin figure1-1.
The estimatedand experimentalvsluesare in goodagreement,except
possiblyfor the Cha valuesfor short-spanoutboardailerons.

Changesin a, 6a, ba, and aileronspanwiselocationproduced
trendsin the hinge-moment‘characteristicsthatwere similarto those
of highe~aspect-ratiounsweptw-tis (references6, 13, ~d17).

CONCLUSIONS

A wind-tunnelinvestigationwas made at low speed.todetemine
the lateralcontrolcharacteristicsof sn un%ept untaperedsemispan
wing of aspsctratio3.13 equippedwith 2S-percent-chordunsealedplain
aileronshavingvariousspansand spanwiselocations. The resultsof
the investigationled to the followingconclusions:

1. Changesin the wing angleof attack,ailerondeflection,aileron
span,and spanwiselocationgenerallyproducedtrendsin the lateral
controlcharacteristicsthatwere similarto but of differentmagnitude
from thoseof unsweptwings of higher

2. An aileronof a givenpercent
locatedoutboardon the wing semispan
the greaterpart of its effectiveness
in this spanwiseposition.

—
aspectratios.

spanwouldbe most effectivewhen
and thisaileronwouldalso retain
throughthe angle-of-attackrange

3. The rate of changeof hinge-momentcoefficientwith angleof
attack C~ was relativelyunaffectedby aileronspanand spanwise
location. The rate of changeof hinge-momentcoefficientwith aileron
deflection C% becsmemore negativeas the spanof outboardailerons

was increasedsnd also as a half-spanaileronwas movedinboardon the
semispanwing.

- .- -.. . —-- ---
:1---
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2 NACA TN 2199

~. The aileroneffectivenessparsneter C~5 and the hinge-moment

parameters ch6 and Ch for variousspansof aileronscan be satis-
,a

factorilypredictedby existingempiricaland theoreticalmethods.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

. LangleyAir ForceBase,Va., June15, 1950
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CHARACTERISTICS

TABLE

OF THEVARIOUSO.25c AILERONSTESTED

ONAIJUNSWEPTSEMISPANWING & ASPECTRATIO3.13
.

Aileronspanwiselocation
Aileronspan,

Configuration ba
Ml

Yai Yao
~ m ~

( 3)ft

D
I 0.968 ‘o 0.968 0.7324

D
I .726 .242 “ .968 .5493

/

Q
I .484 -. .h84 .968 .3662

D
I .242 .726 .968 .z831

D
1 .484 .242 .726 .3662

D
I .484 0 .~84 .3662

.+,

\
.

.. . . . -- .-. . .
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.

SUMMARYOF THE LATERAL-CONTROLPARAMETERSOF O.25c AlJJ3RONS

OF VARIOUSSPANSAND SPANWISEL(XATIONSON AN

UNSWEPTSEMISPANWING OF ASPECTRATIO3.13

.-.

Aileronspan, .
ba cl Ch Cha

~
6 5

0.968 0.00262 -0.0093 -o. OoIJ,l

.726 . O023U -.0083 -.0012

.484 .00178 -.0067 ~ -:0010

.242 .00093 “ -.0052 . -.oo11

a.484 .Oom -.0073 -.00I.I.

b.484 .00073 . -.0084 -.0015
,

a~dsw~m location

%nboard location
T

,

.

,

.
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c b?= 3.875 2
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#
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L hinge
[0.75C)

.

1-‘25CI .

NAGA 64AOI0 airfoil section
9

Figurel.- Drawingof’the unsweptsemispanwing havingan aspectratio
of 3.13. (All dimensionssre in feet.)
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Figure4.- Aerod.ynsmiccharacteristicsin pitchof the plainunswept
semispsnwing havingan aspectratioof 3.13.
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.
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a
.

.02

.0 I

o

.0I

Aileron deflection, pa ,deg

.

. .

Figure5.- Variationof lateralcontrolcharacteristicswith aileron
deflectionon theunsweptsemispanwinghavingan aspectratioof 3.13.

ba = O.24+; y% = .0.72$; yao = O.9%.
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~gure 6.- Variationof lateralcontrolcharacteristicswith aileron
deflectionon the unsweptsemispanwinghavingan aspectratioof 3.13.

ba =0.484$; yai = 0.484;; y% = 0.99.
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Figure7.- Variationof lateralcontrolcharacteristicswith aileron

deflection.mthe unsweptsemispanwinghavingan aspectratioof 3.13.
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Mgure 8.- Vsriationof laterslcontrolcharacteristicswith aileron
deflectionon the unsweptsemispauwinghavingan aspectratioof 3.13.

ba = 0.9*; Y% = 0; Y% = 0.9*”
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Figure 10.- Variationof lateralcontrolcharacteristicswith aileron
deflectionon the unsweptsemispanwinghavingan aspectratio of 3.13.

ba = 0.484:; y
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= 0.24+; y%= 0.72+.
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